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This paper outlines the procedures to establish studies to quantify some of the key ecosystem 
services provided by smallholder tree farms. Two study areas have been identified with two sites 
established at Bato and one site at Maasin. Each site is comprised of two paired plots within 
smallholder tree farms − with one plot being unthinned and the other thinned. Two sites (one at 
Maasin and one at Bato) comprise of 10 year old mahogany (Swietenia macrophylla) trees while the 
other site at Bato comprises 10 year Gmelina arborea trees. At each site throughfall, stemflow and 
litterfall and decomposition rates are being measured in order to quantify the most important 
nutrient fluxes. In addition, the key stocks of nutrients in ground litter and above ground biomass 
are being quantified. The paper describes the methods used to collect data about these key 
ecosystem services at each of the sites. In most cases, data collection has either just commenced 
or is about to commence. Analysis of samples in most cases has not commenced yet and few results 





Over the last two decades there has been a concerted effort to reforest degraded areas in the 
Philippines. This reforestation first occurred through industrial forest plantations in 1980s. In the 
1990s and continuing to present there has been a paradigm shift to smallholder and community 
based forestry. During this period, large numbers of smallholder and community plantations were 
established. In particular, many small plantations (tree farms) comprising of Gmelina arborea were 
first established on Mindanao and then spread to other parts of the Philippines archipelago. On 
Leyte, there are significant numbers of these plantations, mostly around 8 to 12 years old. 
Smallholder and community tree farms have the potential to provide important ecosystem goods 
and services. However, little is known about the basic ecological functioning of these systems 
including key functions such as nutrient cycling and water relation, biodiversity, impacts on soil 
dynamics, growth rates and biomass allocation. 
Currently most tree farmers in the Philippines do not thin their tree farms. This results in a 
significant reduction in volume and quality of timber produced. In order to demonstrate the 
benefits of thinning, a number of demonstration sites have been established as part of ACIAR 
project ASEM/2003/053. The reason for establishing these sites is to illustrate the importance of 
appropriate silviculture, i.e. thinning. Three ‘paired’ thinning demonstration plots have been 
established on existing smallholder tree farms and experimental blocks were established. These 
blocks were divided into two equivalent ‘plots’ and one plot was then randomly selected for 
thinning. To date, paired thinned/unthinned plots have been established on one gmelina and two 
mahogany tree farms 
The aim of this study is to investigate key ecological services provided by smallholder tree farms 
in the Philippines. Our specific objectives are to: 
 
1. Investigate the relative importance of the key nutrient fluxes (litterfall, throughfall, 
decomposition, stemflow) and how these vary across time and between thinned and 
unthinned mahogany and gmelina tree farms.  
2. Quantify the important biomass and associated nutrient stocks (litter standing stock, above 
ground standing biomass, below ground fine roots) and how these vary across time and 
between thinned and unthinned gmelina and mahogany tree farms.  
3. Investigate the nutrient use efficiency at the plantation and species/individual level 
including nutrient withdrawal, leaf longevity and photosynthetic efficiency (C fixed per unit 
of nutrient, both instantaneously and based on residence time).  
4. Quantify the important water relations of mahogany and gmelina grown on smallholder tree 
farms. 
5. Quantify carbon sequestration benefits of smallholder tree farms, both thinned and 
unthinned. 
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RESEARCH STRATEGY AND SITE SELECTION 
 
This research will piggyback on ongoing research into smallholder tree farmers as part of ACIAR 
Project ASEM/2003/053 Improving Financial Returns to Smallholder Tree Farmers in Leyte. Nutrient 
cycling studies have been established in each of the three paired sites for the thinning trials. These 
sites (each with two paired plots) for the current study are a sub-sample from those already 
established as part of ASEM/2003/053. The minimum plot size was 25 m x 25 m which allows for a 
20 m x 20 m plot with a 5 m buffer to eliminate edge effects. 
Resource limitations necessitate for research to be staggered over a period of three years. 
Measurements which have a temporal component will be commenced first, with other research 
scheduled around the ongoing data collection associated with these studies. 
Litterfall studies typically require at least two years in order to detect within and between year 
variability. As such, the establishment of litterfall traps at a number of sites has been the first 
priority. The sites selected for the litterfall study will form the ‘core’ sites on which other research 
will be undertaken. 
Two sites (each with two paired plots) were located in Bato and a further site was located in 
Maasin. The Bato study area is located on land from the coast (N 10º 19. 952, E 124º 49. 742). It is 
located on a Maasin clay series under soil order Ultisols. This soil has developed from shale and 
mudstone and also contains some uplifted alluvial sediments (Garcia et al. 2006). The two sites 
with a total of four plots (20 m x 20 m) were established adjacent to each other. Two plots (one 
unthinned and one thinned) were established on a 13-year old Gmelina arborea tree farm and a 
similar two plots were established in a 13-year old Swietenia macrophylla (mahogany) plantation. 
The Gmelina arborea plots contained significantly denser understory vegetation compared to the to 
Swietenia macrophylla plots. 
The second study area was situated adjacent to the highway leading to Maasin from Leyte State 
University (N 10º 09. 338’, E 124º 47. 061’). Two paired plots (one thinned, one unthinned) were 
established in a 10-year old Swietenia macrophylla plantation located on a gentle slope with a thin 




At each site throughfall, stemflow and litterfall and decomposition rates are being measured in 
order to quantify the most important nutrient fluxes. In addition, the key stocks of nutrients in 
ground litter and above ground biomass are also being quantified. The following section describes 
the various methods used to collect data about these key ecosystem services at each of the sites. In 
most cases, data collection has either just commenced or is about to commence. Analysis of 
samples in most cases has not commenced and few results can be reported. 
 
Throughfall 
Throughfall collectors comprise of a 25 cm diameter funnel with a sharp edge suspended about 
1.3 m from the ground using four bamboo stakes. The funnel is connected to a 20 L container (this 
soy sauce container will be cleaned thoroughly with washing liquid then acid wash and lastly 
washed with distilled water) by a PVC hose with a 15 mm internal diameter. To prevent foreign 
matter being washed into the container, 20 x 20 cm sections of mesh (2 mm) were attached to the 
inside surface of the funnel with duct tape and a further small square of 2 mm mesh (mosquito net) 
is folded up and placed through the funnel entrance to rest under the mesh square. A total of 10 
throughfall collectors will be placed randomly in each plot. Five throughfall collectors will remain 
fixed (i.e. in their original randomly located positions) and five will be roving collectors which are 
relocated to a new random location within the plot after each collection. The total volume of 
throughfall will be measured using a 1 litre or 100 ml measuring cylinder. A sample will then placed 
in a 100 ml whirl pak. On return from the field, the whirl pak will be immediately frozen and stored 
for later analysis of N, P, K, Mg and Ca. Throughfall collections will be made either weekly or 
fortnightly, depending on rainfall events. 
 
Stemflow 
Ten stemflow collectors were attached to randomly selected trees at each site (finished in 
mahogany plot in Bato). Stemflow collectors comprised of a 12 mm diameter hose wrapped around 
the trunk of the tree 1 ¼ turns and at a downward angle of about 40 degrees. The gap between the 
hose and the tree was sealed with Elastroseal to create a water-tight channel all the way down to 
the opening. A second, smaller hose (6 mm diameter) was attached on top of the hose thus 
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providing a wide gutter to channel water during heavy rain events. Stemflow is collected in a 20 L 
container secured at the base of the tree with a bamboo stake. Stemflow will be collected at the 
same time as throughfall samples. The total volume of stemflow will be measured using a 1 litre or 
100 ml measuring cylinder. A sample will then placed in a 100 ml whirl pak. On return from the 
field, the whirl pak will be immediately frozen and stored for later analysis of N, P, K, Mg and Ca. 
 
Litterfall 
Each litter trap consists of a circular metal hoop of 50 cm diameter and elevated approximately 
1 m above the forest floor on three metal legs. Fine nylon mesh (0.25−0.5 mm) bags of 
approximately 40 cm depth were suspended from each circular ring. This collection method is 
consistent with that recommended by Proctor (1983). Litterfall are collected at two weeks interval 
to minimize decomposition in the traps. After collection, samples are air-dried before being stored 
for further analysis. Sample will be sorted to the following categories; leaves, reproductive 
materials (flowers, fruits and seeds) and small woody materials (bark, wood, branches) and will be 
weighed for each category. Samples are then dried at 80ºC until constant weight has been reached, 
it is cooled in a desiccator and then weighed. Litterfall from individual traps at each site will be 
bulked to provide a composite sample for each litter component for each collection period. Bulked 
samples will be ground analyzed for C, N, P and K, Ca and Mg.  
 
Leaf Litter Decomposition and Litter Standing Stock 
Leaf litter decomposition will be measured using the litterbag technique. Leaf material for the 
decomposition was collected by placing nylon mesh nets between trees suspended at least 10 cm 
from the ground. Leaves were collected from the nets twice weekly in order to avoid 
decomposition in the traps and to ensure all leaves were at a similar state of decomposition when 
they were placed in the litter bags. Litter was air dried for 5 days and then stored before being 
placed in the litter bags. It sometimes took two to three months to collect sufficient litter for the 
decomposition experiment. Litter bags were constructed using 15 x 20cm of 2 mm nylon mesh. 
Once collected and dried, leaves are cut into approximately 2 cm cubes and 10−15g of leaf 
material is placed into each litter bag. Bags are to be placed partially under forest floor litter, 
attached with coloured string to a stake placed at random locations in the plot. Six bags are to be 
placed around each stake (10 stakes) at even compass points. Five bags will be collected on a 
random basis each month for a period of 12 months i.e. 60 bags in total. On return to the 
laboratory, the contents of each bag will be gently brushed and rinsed to remove visible soil 
particles, oven dried at 70ºC and weight loss recorded. Samples will be analyzed for C, N, P, K, Mg 
and Ca 
Litter standing stock will be collected every three months from each plot. Five random quadrats 
(0.5 x 0.5 metre) will be established and all the ground litter collected. Samples are then air dried 
for 4 to 5 days and stored for further analysis. Samples are sorted into litter components (leaves; 
reproductive material; small woody material which includes bark, wood and branches under 5 cm; 
and seedlings). Samples are oven dried at 80ºC until constant weight is obtained, cooled in a 
desiccator and then weighed.  
After the removal of litter for litter standing stock collection, two random quadrats were 
selected in the upper, middle and lower slope rows during the collection for hydraulic conductivity. 
Samples were sealed into the plastic bags. A total of six samples in each plot were collected for 
hydraulic conductivity. Samples were brought in the laboratory for hydraulic conductivity analysis. 
Twelve random samples were collected at each plot for bulk density using core sampler (5 cm 
diameter). Bulk density samples were weighed then oven dried for 48 hours at 105 ºC and then 
reweighed to determine moisture content.   
A further five random soil samples were collected at each plot. Samples were collected (0−15cm 
depth) in the upper, middle and lower slope. A total of five random soil samples in each slope were 
collected and bulked, resulting in one sample for each slope having a total of three soil samples for 
each plot. Samples retrieved were air dried for 3−4 days, then powdered to pass through the 2 mm 
and 0.425 mm sieve. Samples are stored for further analysis for N, P, K, Ca, Mg, C, CEC and soil pH.  
 
Dendrometer 
Dendrometer bands will be used to measure stem diameter increment and are constructed using 
aluminium strip 1.5−2 cm wide and as long as is necessary for individual tree size classes (with an 
overlap of at least 15 cm). The band will be placed at breast height. A hole is punched near the end 
of the aluminium strip and another hole where the spring will connect (pulling the band on firmly). 
A punch is used after leaving the band to settle for a week or so to mark where the end of the band 
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meets the band passing beneath. Further dents (i.e. marks) are then punched onto metal bands to 
act as markers to indicate expansion. Digital calipers are used to measure the distance between the 
dents as the tree grows. One month is allowed, measured a few times, for the band to settle.  
 
RESULTS TO DATE 
 
Research for nutrient cycling commenced in November 2006 with visits to potential study sites. 
Barangay meetings were organized in order to explain the research to local residents in order to 
gain their support. Information was provided about the materials being placed in the field, and 
about activities to be conducted in that area. Sites were finalized during a visit of project 
researchers in February 2007.   
Collection of leaves for the decomposition study has been completed in the mahogany plots and 
the nets are currently deployed in the gmelina plots in Bato. The first samples for litter standing 
stock have been collected and are currently being processed. Further data on the litter material in 
the ground using a transect line (20 m) are available in some plots. Hydraulic conductivity samples 
have been collected and analyzed from the mahogany plantation plots at the Maasin study area 
(plots for thinned and unthinned mahogany and additional samples from an adjacent 30 year old 
mahogany plantation). Samples from other sites will be collected shortly. Bulk density samples have 
been collected and analysed for the Gmelina arborea plots at the Bato study area and for one plot 
for Swietenia macrophylla plantation at the Maasin study area. Soil samples for chemical analysis 
have been air dried, powdered, passed through 2 mm and 0.425 mm sieves and stored in the 
laboratory while waiting for the chemicals to arrive. Other soil samples from field that have just 
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